Background: Bariatric surgery patients are at risk of perioperative airway collapse. Neuromuscular blockade should be fully reversed before tracheal extubation. The optimal dosage of the reversal agent sugammadex in the morbidly obese is still unknown. This study explored the sugammadex dose adjusted according to train-of-four ratio (TOFR). Methods: Prospective observational study of consecutive patients scheduled for laparoscopic bariatric surgery. To reverse a deep blockade (2 or fewer posttetanic twitches), a dose of sugammadex of 4 mg/kg ideal body weight (IBW) was followed by a second dose of 2 mg/kg IBW if the TOFR was less than 0.9 after 3 min. To reverse a moderate blockade (reappearance of the second twitch in the TOF), a 2 mg/kg IBW dose of sugammadex was followed by a second dose of 2 mg/kg IBW if the TOFR was less than 0.9 after 2 min. Sugammadex effectiveness was reflected by the time required to obtain a TOFr of 0.9 or more. Results: A total of 120 patients were included. The blockade was deep at the end of surgery in 43 and moderate in 77. The median times (range) to TOFR of 0.9 or more were 167 (20 -460) seconds and 113 (28 -300) seconds in deep and moderate blockades, respectively (P Ͻ 0.05). The percentage of patients requiring a second dose of sugammadex were larger after deep blockades (39.5% [n ϭ 17] vs. 23.4% [n ϭ 18] after moderate blockades); the difference was not significant.
I N laparoscopic bariatric surgery, a deep neuromuscular blockade facilitates ventilation and ensures an adequate surgical field, 1 but a residual effect is observed in up to 41% of patients in the general surgical population after intermediate-acting neuromuscular relaxants have been used, regardless of whether the blockade has been reversed with neostigmine or not. [2] [3] [4] [5] [6] Residual paralysis affects genioglossus muscle activity during deep inspiration, causing retroglossal and retropalatal narrowing, with airway flow limitation [7] [8] [9] ; changes also occur in swallowing as well as in inspiratory capacity and ventilatory response to hypoxia, which are reduced. 10, 11 These effects are particularly dangerous after laparoscopic bariatric surgery because morbidly obese patients are already at high risk for cardiovascular and respiratory functional overload related to varying degrees of metabolic syndrome, 12 as well as the possible presence of obstructive sleep apnea syndrome. 13 Also at higher risk of upper airway collapse during the perioperative period, these patients should be fully awake and the neuromuscular blockade fully reversed before tracheal extubation is attempted. 1 The cyclodextrin sugammadex reverses a blockade by first binding selectively to circulating rocuronium and vecuronium, chelating them; the resulting concentration gradient then encourages the release of the relaxant from neuromuscular receptors. 14, 15 In nonobese patients, sugammadex is able to quickly reverse a neuromuscular blockade of any depth and ensure complete recovery of pharyngeal muscles 7 when given at doses of 2-16 mg/kg. 14 -18 However, for reversing deep blockade in lean patients, outliers have been identified 18 and the optimal dosage required in the morbidly obese patient is still unknown. Our hypothesis was that calculating the sugammadex dose on the basis of ideal body weight (IBW) will lead to a higher incidence of slow response. Our objective was therefore to study the sugammadex dose required to reach a train-of-four ratio (TOFR) of 0.9 or more in these patients after scheduled laparoscopic bariatric surgery, using an anesthetic protocol that contemplated TOF-guided additional doses for slow responders.
Materials and Methods

Patient Selection
After obtaining approval from the ethics committee of Hospital Universitari de Bellvitge, Barcelona, and the Spanish Ministry of Health and Science (approval reference SAB-SUG-2011-01) for a prospective observational study, consecutive patients scheduled for laparoscopic bariatric surgery at the same hospital in January-December 2010 were recruited. Written information about the study was given to all patients and was explained orally; patients were enrolled if they gave signed consent to use of their data. Exclusion criteria were a contraindication for steroidal neuromuscular blocking agents (rocuronium or vecuronium), chronic renal failure, and reported previous use of sugammadex in order to exclude potential allergic reactions. Patients were weighed on the same day of surgery to obtain their real body weight (RBW); their IBW according to sex, height, and physical constitution was also recorded. 19 No exclusion criteria regarding weight were established.
Study Procedures
All patients were placed in semisitting position to make ventilation and airway management easier. Standard monitoring (automated blood pressure cuff, electrocardiography, pulse oximetry, and capnography) was used and the bispectral index was analyzed. All patients were placed on a warm blanket of convection air (Warm-Touch; Mallincrod Medical, St. Louis, MO). Neuromuscular transmission was monitored according to good clinical practice recommendations, as follows. 20 Two surface electrodes were placed over the ulnar nerve at the wrist in order to monitor the blockade at the adductor pollicis by acceleromyography (TOF-Watch SX; Organon Ltd., Dublin, Ireland). Oxygen was given for 5 min before anesthesia induction, which was accomplished with 2 or 3 g/kg RBW of fentanyl followed by 2 mg/kg RBW of propofol so as to obtain a biespectral index value of less than 60. TOF calibration was then started and supramaximal stimulation was automatically obtained as a fade ratio of the fourth twitch (T4) to the first (T1) (TOFR). Once the signal remained stable, a neuromuscular blocking agent (succinylcholine 1 mg/kg RBW or rocuronium 1 mg/kg IBW) was administered to facilitate tracheal intubation. The evoked response was measured after TOF stimulation (four pulses of 0.2-ms duration at a frequency of 2 Hz) every 20 s throughout the procedure. Sevoflurane and fentanyl were used to maintain biespectral index values less than 60, and rocuronium was administered in a bolus of 0.15 mg/kg if a T2 twitch reappeared in a TOF. Once surgery ended, neuromuscular monitoring was recorded and sugammadex was administered to all patients, as described below, after discontinuing the hypnotic agent. Tracheal extubation took place when the patient was fully awake, breathing comfortably, and the TOFR was 0.9 or more. Neuromuscular monitoring continued until the patient was transferred to the surgical intensive care unit.
Neuromuscular Monitoring and Sugammadex Administration Protocol
A moderate blockade was defined by the reappearance of T2 in a TOF. To confirm a deep blockade, we applied a tetanic stimulus (of 50 Hz for 5 s) and counted the posttetanic twitches 3 s later; the block was considered deep if no more than two posttetanic twitches were detected.
To reverse a deep blockade, the dose of sugammadex was divided into two fractions as follows: 4 mg/kg IBW was first administered and the TOFR was recorded every 20 s; and if the TOFR was less than 0.9 after 3 min, another sugammadex dose of 2 mg/kg IBW was administered. To reverse a moderate blockade, sugammadex was administered as follows: 2 mg/kg IBW was first administered and the TOFr was recorded every 20 s; and if the TOFr was less than 0.9 after 2 min, another sugammadex dose of 2 mg/kg IBW was administered ( fig. 1 ).
Variables and Statistical Analysis
The main variable of interest was the total dose of sugammadex administered to achieve a TOFR of 0.9 or more. The efficacy of sugammadex administration was reflected by the time required to obtain a TOFR of 0.9 or more and extubation after the first dose of sugammadex. Other variables recorded were patient characteristics (including comorbidity and American Society of Anesthesiologists risk classification), surgical and perioperative variables (including intraand postoperative events), and hospital stay.
To calculate the sample size we estimated that 10% of patients would need a second dose of sugammadex and assumed that a difference of 20% in the second-dose requirement would be clinically significant. At a level of statistical significance of 0.05 for comparisons and power of 0.80, it was estimated that 120 patients should be included.
The normal distribution of continuous variables was checked with a Kolmogorov-Smirnov test; a nonparametric Mann-Whitney U test was used to compare continuous variables and a chi-square test was used to compare discontinuous variables. Statistical significance was set at P Ͻ 0.05. Data are presented as absolute number (%) or median and Adjusted Sugammadex Dose in Bariatric Surgery range; because analysis of preliminary findings suggested that a substantial number of outliers would be present for some variables, we also calculated 10th-90th percentiles. SPSS software version 15.0 (SPSS, Chicago, IL) was used for all analyses.
Results
We enrolled 120 patients. The blockade was deep at the end of surgery in 43 and moderate in 77. Patient characteristics, comorbidity, surgical procedures, and postoperative outcomes were similar in the two groups (table 1). Two patients could not be extubated in the operating room: one (deep blockade group) awakened slowly and also had slow normalization of biespectral index values, whereas the other (moderate blockade) had a neck hematoma related to vascular puncture. Both patients recovered from the blockade after sugammadex injection and were extubated in the surgical intensive care unit without further incidents. No patients required reintubation of the trachea, and none experienced a critical airway incident. No adverse effects of sugammadex were recorded. Two patients in the deep blockade group and four in the moderate blockade group required reoperation; four patients (one in the deep blockade group and three in the moderate blockade group) required readmission to the surgical intensive care unit.
The total doses of rocuronium were similar in the two groups; however, a significantly higher median dose of sugammadex was used in patients with a deep blockade and longer times until a TOFR of 0.9 or more and extubation were also observed in that group (table 2) . Likewise, the percentage of patients requiring a second dose of sugammadex tended to be larger in the deep blockade group (39.5% [n ϭ 17] vs. 23.4% [n ϭ 18] in the moderate blockade group), although the difference was not significant (P ϭ 0.062, chi-square test). The patients who required a second dose of the reversal agent did not differ from the other patients with regard to age, RBW, body mass index, sex, American Society of Anesthesiologists physical classification, total dose of rocuronium, or duration of the surgical procedure (data not presented).
Discussion
A single IBW-based dose of sugammadex successfully achieved a TOFR of 0.9 or more in 60% and 77% of patients who had deep and moderate neuromuscular blockades, respectively. However, the requirement of a second IBW-based dose in large percentages of the remaining patients in both groups indicates that high percentages of slow responders should be expected and that there is potential risk of reoccurrence of blockade.
Moderate neuromuscular blockades were successfully reversed with IBW-based doses of sugammadex in 103 laparoscopic bariatric surgery patients studied by Van Lackner et al., 21 although the authors reported longer and great interindividual variability of times to recovery of a TOFR of 0.9 than have been observed for lean patients. 14 
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because the authors did not include information on the total dose of rocuronium, the duration of surgery, or the characteristics of outliers, we are unable to draw conclusions on comparing their findings with ours. We do note, however, that the 40% IBW-based dose of sugammadex they admin-istered and the times to the targeted TOFR were both similar to the median dose and median times to TOFr of 0.9 or more we observed in reversing moderate blockades, in which sevofluorane was used rather than propofol. Nonetheless, reversal took more than 4 min in three of our patients with moderate blocks even when an additional dose of sugammadex was administered. Among our morbidly obese patients in deep neuromuscular blockade, on the other hand, recovery occurred only after 5 min in six outliers even though these patients had received a second dose of sugammadex. It is also interesting that time until extubation was much longer in patients with deep blockades in our study, suggesting that shortening the time to a TOFR of 0.9 or more influences awakening conditions. We have not found other studies of deep block reversal in morbidly obese patients to which we can compare these observations.
The high percentage of slow responders in our study, and even outliers after a second dose of sugammadex in both the moderate and deep blockade groups, may be a result of a high accumulated dose of rocuronium in central compartments. The half-life of rocuronium is similar in very obese patients and lean patients 22 and high concentrations of rocuronium are produced by repeated dose or continuous infusion, which influence the redistribution of the neuromuscular relaxant from the peripheral compartment to the central compartment, leading to prolongation of the residual blockade. 23 In contrast to anticholinesteric agent, sugammadex is able to reverse intense neuromuscular blockade. 15, 17 Sugammadex binds to rocuronium and facilitates renal excretion of both sugammadex and the rocuronium-sugammadex complex. 16 In a first step, sugammadex captures free rocuronium, leading to release of rocuronium from cell receptors; the released blocking agent is then bound to sugammadex. Even though the pharmacokinetic profile of sugammadex is affected by age and renal function, 24 quick reversal (less than 2 min) occurs in lean patients after a sugammadex dose of 2 mg/kg (moderate blockade) or 4 mg/kg (deep blockade), either with propofol or sevofluorane for anesthesia maintainance 24 -26 ; increasing the dose does not hasten recovery, and an effect plateau is seen in most patients around 2 min. 24 -26 However, outliers and slow responders have been detected when sugammadex is administered after a moderate and deep blockades. 17, 18, 24, 25 This issue, the presence of outliers, is of concern because it is related to potentially serious complications. Even after a TOFR of 0.9 or more has been achieved, upper airway weakness and an obstructive pattern have been observed in outlier patients. 27 In a recently reported case of inadequate reversal in a morbidly obese patient, repeated doses of rocuronium (total dose of 170 mg) had been given in the course of surgery lasting 170 min. 28 Although a TOFR of 0.9 was reached 5 min after sugammadex administration (1.74 mg/kg RBW), reoccurrence of blockade was detected 15 min later. The dose of sugammadex must be sufficient to affect the gradient between the peripheral and central compartments, and more is required when repeated doses or continuous infusion of rocuronium has been used. However, overdoses, such as would result from using RBW in morbidly obese patients in the standard calculations, would be costly and ineffective in a high number of patients given the aforementioned ceiling effect. From a clinical point of view, although neuromuscular monitoring is not widely used, it is therefore advisable so that we can identify patients who are likely to exhibit more variability of response. 29 Acceleromyography is associated with a reduced incidence of residual blockade, 30 and although it overestimates neuromuscular recovery in comparison with mechanomyography, 31 it has been validated for clinical research 20 and we feel it is viable for this clinical setting.
We did not randomize our patients to moderate or deep blockade during recovery; therefore, even though our two study groups were comparable, lack of randomization remains a formal limitation of our study. A strength, however, is that we reproduced the usual clinical conditions, offering as much rocuronium as the patients needed during surgery and starting reversal just after surgery ended. We also limited the waiting times until a second dose was administered in both groups; therefore, we can assume that more patients might have eventually reached a TOFR of 0.9 or more after a single IBW-based dose. As our aim was to demonstrate an association between underdosing and slower response than has been reported in lean patients, however, we feel the design we applied was both safe and efficient.
We conclude that sugammadex cannot be safely calculated for morbidly obese patients on the basis of IBW. Until a dose regimen that works well in the majority of morbidly obese patients is established, we can expect to see a large number of slow responders and even outliers. The implication seems to be that neuromuscular monitoring of depth is necessary in the morbidly obese so that a second dose of sugammadex can be given as soon as it is clear that response is slow.
